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(57) A cijrrent collector (40.41) incTudes a Ihio 

tVdrophine matenal is provided to holes of the thin 
porous sutetraie or surfaces of Bteleton elements of the 
poroye sutwtrBte bo thai hydnjphillo areas (40d,4id) 
ZT^^^. hydiophilic maierial suocessivaly pass 
hfough the INn porous substrate between boih^,- 
aces 0^ the thin porous substrata Inihe current collec- 

does not Stay on an interface bet«reen an electrode and 
tt^ ajrrent collector so that reaction gas is not ham- 
^ and IS supplied, unlike a conventional current col- 
lector. Whenths eun^nteollectoris appliedtoapoiymer 




trough the hydropWIic areas to a polymer electrolyte 
membrane so that the polymer electrolyte membrane is 
ajechvely humrtfied. 71,0 cunent collector applied to a 
ttttiode achieves a profound effect because reaction 
Pw»ud water tends to slay around a cathode of any 

^,1 ^l!*"*-. "^^ «"«*or also indudee 
gas How paths which are surrounded by particles of a 
l^rqphobic rnaterial (40c4ic) and pass through the 
ttw porous substrate between both surlaces ofthe thin 

^S^^' * P«"«eabifity of the 

current collaclor is maintained with reliability. 



Fig. 2 



Prtniutf tyxttm (UKJ BuolMuSBMciifi 
3.18 3^4 
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Ddscffptlon 

BfiQKQBOi IMP OF THg iMycxn-i^i^ 
(l)ReWofthelnventton 

TTie present invention relates to a fuel call rhh i„ 



CP 0 872 007 A1 



(2) Related Art 

!r^^ hydrogen, using reverse 

meHTS f ■ '"l'*"* '■"'^ »n terms of 

njrtho^reaBar,flthtepri,,clp)e. General fuel cells are 

phosphoric adJ 

ature sow elearolyte type, ™<'HHr 
iroivt?^?'*^"® <tesc.irton concerns a polymer elec- 
one type of the fuel cells. The polymer 

SSSS^US * structure vS 

•nciiKfes: a cen composed of an anode, a cathode, and 

sSJZS^' '"embranetfieralwtween: ap^rS 
separrtor plates with ,*s which sandwiches the Si; a 
paM- of current coUeeiors wWch are each insert^ 
t^**lfr®*''"'®^"P*™*^P'''*»sand the cell so that 
the cuirenl coneetore contact the anode and cathode 
r^jecuvely: sealing members which are each inserted 

i^Tu^ '^^^ '^^'^ °' '"'^ ^^'^ P'ale and 
me ceil. Reaction gases are supplied to the anoda and 
calhMe, respectively, to generate electric power using 
an oodaiKin reduction reactian expreseed ty the follow 
ino fcnnulas. namely Chemical 1 and Chemical 2 



s «s hydrophobic fWshino 

Jon^(^^ Japanese Ud-Open Patent Application No. 

to bie flSr*' "I!*' "^^^^^ 0' "he hydmpho- 

rtoctwn product water and condensation product water 

Slay between the current collectors 

wMe the fuel cell is operating. As aUS. SfK 

^.'^ « hereinafter 

ated^by the condensaton as "condensation pJodJrt 

,^-'2,?f"'*^^''' current cdlectom are 

applied to a polymer electrolyte fuel ceB. wsSTte ^ 
^;«?2^Wlied toapolymer electrolyse ^SiJ^* 
so that the iMlymer elects 

The oblect of the present invention is to provide a 
^s currentcolleclorwhicheolvesthaabaveprobl^^ 
to P|^e a fuel cell and a cen atruolure imeSS 
ing this current collector. 



90 



SUMMARY nP Tf4c |MYp.^(Ttrrr| 



Ha-»2H* + 2e- (Chemican) 
2H++i/20z+2a--*H20 (Chemical 2) 

This polymer electrolyte fuel cell is characterized by 
Obtaining a high output, with keeping its operation tenv 
peralure relatively low. compared wHh other lype fuel 
cells. 

Jjhecurrentcollectorsarebaslcallyrequiredtohave 
the (ollcMnng two functions other than the current collec- 
tive properly. 

The first function is gas permeability. This function 
16 necessary to supply and distrtxjte reaction gases to 
eieciroda caialywr layers which each contact one of the 
owent coBectore. - «» 

The second function is water repellenea If current 
ejectors have high hygmscopicity. these current col- 
lettors absorb moisture of reaction ga^ which is sup- 
2'.!l'If "^^O humi««ied. and reaction product water 
during the cperatlon of the polymer electrolyte fuel cell 
/vs a resuH. the gas parmeablDty is lowered. To prevent 



To achieve the above objects, ihe fuel cell of the 
present invention is applied with a current colleetor hav- 
ing a new structure. As a result, cell characteristics 
such as cell voltage, does not decrease over time 
^ This current coflector having a new structure 
includes a «hin porous substrate and a hydrophilic mate- 
rial, where the hydrophiOc material Is provided to holes 
of the thin porous substrate or suiiaces of skeleton ela. 

P««»'« substrate so lhat hydrophiic areas 
^0 formed by Ihe hydrcphilic material successively pass 

races of the thin porous substrate. 

Ateck the hydrophilic areas which function as water 
« nS^,^ "^i loading hydrophilk: materi- 

« ate into through openings established in the Ihin porous 
substrate between both surfaces of the tHn porous sub- 
strate. 

By doing so. total affinity, 

'^«'«>*«*«^'"ove6lhrouSthecur. 

rant collector. 

Taf**"!!*^' hydrophilic areas let 

out water and water does not stay near the interface 

5. iTitV ^ » '""^ reacticn 

S5 gas IS suppUed without obstacle. When this current eol- 

e^froly^e fuel ceU. water is supplied through the 
hydrophBic areas with reliability so that a polymer stec- 
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trolyte meinbranQ is efficiently humidHied. 

Because reaction product water tends lo stay near 
a CQthode of any types of fuel ceils, a current collector of 
the present invention epplied to a cathode achieves a 
profound affect ^ 

The current collector also includes gas flow paths 
which pass through the thin porous substrate t)etweQn 
tx)th surfaces of the thin porous substrate. The gas 
channels ore made by providing hydrophobic malarial to 
holes of thB thin porous substrate or surfaces of skale- io 
ton fbers of the thin porous substrata As a result, gas 
permeability is maintained with reliability. 

BRIEF DESCRIPTION QF THF DRAWINQS 

75 

These and other objects, advantages and features 
of the Invention will become apparent from the following 
description thereof taken In conjunction with the accom- 
panying drawings which illustrate a specific embodi- 
ment of the invantioa In tho drawings: so 

Fig. 1 18 an assen^y drawing of the main part of a 
polymer electrolyte fuel call of Emtxxjiment 1; 
Rg. 2 ie a sectional view of a current collector of 
Enfbodiment 1; 

Fig. 3 is a sectional view of a conventional current 
collector; 

Rg. 4 shows characteristics of the result at Experi- 
ment 1; 

Fig. 5 shows characteri8tk;s of the result of Experi- 
ment 2; 

Fig. 8 is a sectonal vl^v of a current collector of 
Embodiment 2: 

Rg. 7 is a sectional view of a current collector of 
Embodiment 3: 

Fig. 8 shows a method of produdng the current col- 
lector of Emtx}diment 3: and 
Rg. 9 shows chareclariBtics of the result of Experi- 
ment 3. 

DESCRiPTlOM QF PREFERRED EMBODIMENT^ 

The following is a descripijon of a pdymer electro- 
lyte fuel cell to which a currem collector of the present 
invention is afspiiedl with reference to the drawings^ 

Embodiment 1 

( Entire Structure of Polymer Electrolyte Fuel Call} 

Rg. 1 is an assembly drawing of a structure of the 
main part of the polymer electrolyte fuel cell 1 (hereinaf- 
ter refeired to as the fuel cell i). 

TTie fuel cell 1 is composed of a plurality of basic 
units 100 which are laminated, with cooling plates 110 
being each inserted between the basic units. The basic 
units 100 and the cooling plates 110 are sandwiched 
between two insulated ervj plates which are not shown 



In the drawing. Note that the number of basic units 100 
is adjusted according to intended voltage output. 

This basic unit 100 includes: cell 10 including poly- 
mer electrolyte membrane 1 1 which is an electrolyte 
layer, anode 12, and cathode 13. where the anode 12 
and the cathode 13 are respectively placed on the 
center of surfaces of the polymer electrolyte membrane 
1 1 ; a pair of separator plates 20 and 30, where the sep- 
arator plate 20 is provided with a pluralHy of anode gas 
channels 21 (the gas diannels 21 cannot be seen in 
Fig. 1 1secause they are provided on the lower surface of 
the separator plate), the separator plate 30 is provided 
with a plurality of gas channels 31. and the separator 
plates 20 and 30 sandwiches the cell 10; a pair of cur> 
rent collectors 40 and 41 , where the current collector 40 
is inserted between the separator plate 20 and the ceO 
10 and the current collector 41 is inserted between the 
separator plate 30 and the cell 10 so that the current 
collectors 40 and 41 contact the separator plates 20 and 
30. respectively: and sealing members 50 and 60. 
where the sealing member 50 is inserted between the 
separator plate 20 and the cell 10 to seal the outer 
regions of the separator plate 20 and the cell 1 0 and the 
sealing member 60 is inserted between the separator 
plate 30 and the cell 10 to seal the outer regions of ihe 
separator plate 30 and the cell 10. 

Hie pluratlty of ariode gas channels 21 face the 
anode 12 with the cun-ent collector 40 In between, and 
the plurality of cathode gas channels 31 face the cath- 
ode 13 wHh the current collector 41 in between. 

Although the polymer electrolyte membrane 11 
may be made of any types of cation exchange resins, a 
layer of Nafion (product of DuPont) Is used as the poly- 
mer electrolyte membrane 11 . for instance 

The current collectors 40 and 41 have porosity and 
electric conductivity and are made by loading bulking 
agents into a porous substrate of proper strength. The 
detailed description of the manufacturing method and 
internal structure of the fuel cell 1 are given beloMf. 

The anode 12 is a thin layer formed on a surface of 
the current collector 40 and is made of mixture paste of 
catalyst particles and a binder using a known method 
such as the screen printing method. The mixture paste 
is. for instance, a mixture of platinum caibon (Pt/O) and 
a t)inder, such as Teflon and Nation (products of 
DuPont). To effectively humidify the polymer electrolyte 
membmne. it is preferable to use Nation as a binder 
because Nallon has high hydrophilic property. When the 
anode V4 is formed using the screen printing. It is pref- 
erat^e to use only Naf ion. because Nafion does not tend 
to harden and easily passes through a mesh of a screen 
used for the screen printir^. 

The cathode 13 is a thin layer fomted on a surface 
of the cun-enl oolleclor 41 and, as the anode 12, is made 
of mixture paste of catalyst part'des and a bMBt 

Iha cell 10 is formed by crimping the current collec- 
tor 40 having the ar^e 12, the current collector 41 hav- 
ing the cathode 13, emd the polymer electrolyte 



so 



ss 
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membrane 11 Ihereberween using the hot press 
method under predetermined oonditions (temperature 
is 150*C, TOKoAcm?, and processing time is 90 seconds, 
for inetance). As describdd above, in ttia present 
embodiment the caB 10 and the current collectors 40 
and 41 are formed in one piece. This one piece element 
Is hereinafter refen^ed to as a cell structure element. 

The separatOfs 20 and 30 are dense substrates 
which are processed using cartoon to give the separa- 
tors high electrical conductivity. The cooHng plate 110 Is 
also a substrate having high electrical conductivity. 

Corner regions of each of the polymer electrolyte 
membrane 11. the separators 20 and 30. and the cool- 
ing plate 110 are provided with through openings Pi to 
P4 which form manifolds for supplying and letting out 
reaction gases. The through openings P5 and P6 are 
provided in the centers of a pair of opposing edges of 
each plate to form manifolds for pouring in and letting 
out a coolant The through openings P2 and P4 posi- 
tioned on a diagonal Una of the separator plate 20 are 
connected to the gas channels 21 (not shown in the fig- 
ure). The through openings PI and P3 positioned on a 
diagonal line of the separator plate 30 are connected to 
the gas channels 31* The through opening PS and P6 
of the GooUng plate 110 are connected to the coolant 
channels 111. 

In the fuel cell l having the above structure, cath- 
ode gas represented by oxygen is supplied through the 
manifold for supplying cathode gas to each calhode gas 
channel 31 so that the cathode gas is used to cause an 
QNidatfon reduction reaction. E)(ces8 cathode gas is let 
out through the manitold for letting out cathode gas. 

On the other hand, anode gas represented by 
hydrogen which Is hurradifled by a humidification device 
not shown in the figure is supplied through the manifold 
for supplying anode gas. The anode gas is distributed to 
each anode gas channel 21 so that moisture included in 
the anode gas is used to humidify the polymer electro- 
lyte membrane 11 and the anode gas is also used to 
cause the oxidation reduction reaction. Excess anode 
gas is let out through the manifdid for letting out anode 
gas. 

This operatfon is performed successively to gener- 
ate power. 

Note that although each member is laminated verti- 
cally in the figure, the lamSnated members are actually 
positioned so that gas channels run vertically and reac- 
tion product water and condensation product water eas* 
ily drop from channels due to their weights during the 
operatfon. 

< Description of Each Cun'ent Collector) 
(1) Structure 

The current collectors 40 and 41 includes: porous 
substrates made of one of cartoon fibers, glass fibers, 
and resin fiber, or made of mixture of any of ihese fibers: 



r2907A1 6 

and mixture of the second bulking agent R2 which is 
hydrophobic and the first bulking agent R1 which is 
more hydrophilic than the second bulking agent R2» 
where the mixtura is loaded Into the holes of Ihe porous 

5 substrates* 

Fig. 2 is a sectional view of a main part of the fuel 
cell 1 indudng the cell and both current collectors 40 
and 41 (note that desaiptlon of how water moves near 
the cun'ent collectors is also provided below to describe 

10 the function of the cun-ent collectore). 

As shown In Fig. 2. the cun'ent collector 40 (41) is a 
synthetic porous substance in which the porous mlxhjre 
phases 40b (41b) are formed between each fiber 40a 
(41b) which compose a porous sutistrate. 

IS The porous mixture phases 40b (41b) are made of 
the first bulking agent R1 and the second bulking agent 
R2. In detail, the cun'ent cdleclor 40 (41) has a two 
phase structure including the hydrophobic phases 40c 
(41 c) and the hydrophilic phases 40d (41 d). The hydro- 

^ phobic phases 40c (41c) are the second bulking agent 
F)2. where successive particles of the bulking agent 
farm the phases 40c (41c) and the phases 40c (41c) are 
property distributed in a porous substrata The 
hydrophilic phases 40d (41d) is the first bulking agent 

2B R1, where suocessive partfoles of the bulking agent 
form the phases 40d (4ld) and the phases 40d (4ld) 
are properly distributed in the porous sutislrate. 

As described above, the hydrophobic phases 40c 
(41 c) are formed by successive particles of the secx>nd 

30 bulking agent R2 60 that the phases include paths F2 
(F2), tfie paths (P2) being shown in the figure as 
solid lines and being formed by gaps of the bulking 
agent particles. 

As described above, the hydrophilic phases 40d 

35 (41 d) are formed by successive ji^artkdes of the first 
bulking agent R1 so that the phases include paths F1 
(Pi), the paths Fl (Pi) being shown in Ihe figure as 
solid lines and being formed by gaps off the bulking 
agent particles. 

40 Note thai the stnjcture of the cun'ent collector 
described above is confirmed by observing the section 
of the current collector using a scanning electron micro- 
scope (SEM). The stoicture is also supported by high 
wettability between the same materials. 

^ Icible 1 gives materials which can be used as the 
first and second bulking agents Rl and R2. 

AS shown In Table 1. the first bulking agent R1 and 
the second bulking agent R2 are drfferent in hydrophilic 
property. Hydrophilic materials may be used as the first 

so bulking agent Rl. when hydrophilic chemical species, 
such as leaving groups Including sulfonate groups and 
carboxyl groups* hydroxy groups* and carbonyi groups 
are generated on the surltee of the materials. Also, 
materials which generally have low hydrophilic property 

55 may be used as the second bulMng material R2 which is 
more hydrophobic than the first bulking agent Rl . How- 
ever, Table 1 gives especially high hydrophobic materi- 
als used as the second bulking agent R2. 
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Therefore, for instance, the Vast bulking agent R1 
niay be composed of one the follQwing materfals or a 
mixture of any of thenr a high water absorptive material 
such as silica gel and zeolite, carbon blacK powder (car- 
txyn powder) on whose surface hydroxy groups or car- $ 
boxyl oroups exist cnjshed powder carbon fibers 
(carbon powdei) gn whose surfaces hydroxy groups or 
oarboxyl groups exist, nickel powder on whose surface 
hydroxy groups or cariooxyl groups exist, metal povjder 
such as Iron powder, glass powder, powder of perfluor- f ^ 
ocaitton sulfonic acid polymer having leaving groups 
such as sulfonate groups (NaTion. product of DuPont), 
pcMfder of reein such as peifluonxsarbon caitoxyiic acid 
polymer having the leaving groups such as carboxyl 
groups, powder off fbers represented by nylon, acrylic, is 
and rayon having polar groups, and resin other than 
fluororesin such as polychlal and vinylidene chloride 
polymer. 

The second bulking agent R2 is a fiuororesin which 
has high hydrophobic property, conripared with other 20 
resins. For instance^ this hydrophobic fluororesin may 
be corrposed of one the following materials or a mixture 
of any of them: polytetrafhjoroethylene fTaf Ion made by 
DuPont PTFE), tetrafluoroethylBne-perfiuoroalkylvi- 
nylethercopolymer (RF/O. tatratluoroethylenG.hexafluor- 2$ 
Opropyfenecopdymar (FEp), polychlorotrifluor- 
oethylene (PCTFE), pdyvinylidene fluoride (PVDF). 
polywnyl fluoride (PVF), and tetrafluoraetytene-ethylene 
copolymer (ETFE). When a resin Is used as the second 
bulking agent R2. as descn'bed above, the resin doubles 30 
as a binder for binding the first bulking agent HI and a 
porous sutxstTHte. 

I^te that when carbon powder, meial powder, or 
cerantic powder is used as the first bulking agent R1. it 
IS preferable to oxk^ize the material beforehand. This is 35 
because the oxidation generates hydrophUIc groups on 
the surface of the material. 

When the porous substrate is made of a material 
including electric conductive ingredients such as metal 
fibers represented by cait>on fibers and nickel fibers, the 40 
curretn collector has electric conductivity of the material 
so ttiat both bulking agents may be non-electric conduc- 
tive rnateriaJs. TYierefbre, it Is possible to use a non- 
declrks conductive material such as ceramic powder, 
glass powder, silica gel powder, zeolite powder as the 45 
first bulking agent Rl and to use a non-electric conduc- 
tive fluororesin as the seoond agem R2. The carbon fib- 
ers may be petroleum pitch caibon fibers, 
pdyacrylonitrae carbon fibers, or cellulose carbon fib- 



are. 



50 



When the porous substrate is made of only rw- 
electric conductive material such as glass fibers or resin 
fibers, the material does not colled current so that one 
of the bulWng agents need to be electric conductive 
material to give the current collectors electric conducliv- ss 
ity. Therefore, it is eftedivo to use an electrk; conductive 
material such as carbon powder or metal powder as the 
first bulking agent Rl and to use a non-electric oonduc- 



live fluororesin as the second bulking agent R2. 
(2) Manufacturing Method 

The cun'ent collector 40 (41) is produced by: 
impregnating a porous substrate (carbon paper, for 
Instance) having a predetermined pore volume with a 
fluororesin or paying a fluororesin onto the porous 
substrate; and applying a mixture of the hydrophilic first 
bulking agent Rl. the hydrophobic second bulking 
agent R2» and volatile solvent to both surfaces of the 
current collector 40 (41). 

The porous substrate is coated with fluororesin 
beforehand because carbon ftoers, glass fibers, or 
metal fibers forming the sut>6trate has not enough 
mechanical strength and needs to be reinforced. Note 
that the porous substrate used in this embodimem is a 
commercial product formed by rolling fiber materials by 
a preee working. For example, the porous substrate 
made of glass fibers or metal f bers may be a product of 
Nihon Seisen Co. 

TTie surface of the substrata to which the mixture is 
applied is formed evenly using a blade, and the sub- 
strate is dried arxi Is baked at high temperature (360'C 
for instance) for a predetemiined time (far twvo houre. fbr 
instance). The substrate is then formed into a predeter- 
mined size. 

It is preferable to perform the baking at a tempera- 
ture higher than melting temperatures of re^ns of the 
first and second bulking agents Rl and R2. This is 
because a part of parities of the buIWng agents melts 
at this temperature so that the particles are connected 
to each other. 

While the parBde diameter of the bulking agents 
depends on the hole diameter of the porous sut>strate. 
the particle diameter may t)e O.O1 |im to 100 |im. 

While the amoum of the buDcng agents loaded Into 
the porous substrate depends on hole diameter of the 
porous substrate and particle diameters of the first and 
second bulking agents Rl and R2. the bulking agents 
are, for instancOi loaded In the bulkdensrty ranging from 
O.iag/cm^ to 0.15g/cm® Here, the bulk density (g/cm^) 
is a value obtained by; obtaining a bulking agent amount 
using difference between the weight of only the sub- 
strate and the weight of the substrate to which mixture 
paste has been applied; and divkfing the obtarnad bulk- 
ing agent amount (g) by pore volume (cm^) which is 
measured using a known method. 

The substrate to which mixture paste has been 
applied is dried, is Impregnated with solution in which 
rydrophobic or hydrophflic resin is dispersed or Is given 
a spray of the sofulion, and is subjected to a heat treat- 
ment Inorganic materials used as bulking agents tend 
to drop from substrates. However, the above reprocess- 
ing prevents such a drop. 

II is preferable to apply mixture paste onto both sur- 
faces of a porous substrate, not onto only one surface, 
to make the paths F1. Fr, F2, and F2' pass through the 
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Bubafrate lo connect both eidaces of vie eubsirate. h « 

fTS^vsShX:"' 

porous substrate has a ceiin SS^*^ 
(3) Oparatkm and Effact 

-a? 5^^***? hampered (ihe arrow 

A S^^' ^ nrtsuffwently distributed^ 
tne catfwde. As the amount of sweat increases 
flow paths to (he cathode is blocked wSiS.t> i,S 

tven rf thrs conventiona/ current collector is usad 

STJf evarimantal results, the current 

^^•smalhly hydrophobic so that the current cilX 
has bad water permeability and most of i«ac!on 

tor 4^2 * «=o»ec. 

lor 41 or a synihebc pomus substance. 

fece area of the hydrophllic phase 47d The water 

31as indicated by the arrow V and is lei out into the 
c^e gas Channel 31 (see FIq. 2). The moving waier 
mech«,«m « the capillaor phenomenon of the path f' 

"Wiance. Another monng water mechanism is that the 
^la^'^'^ cathode gas channel 31 by sScS^ 
snre ,^on of abso^tfon and deso.,,tio« of vSS^, 

IStSf Sfi^^i^** '^'^ ^ 0' water aS 
that of the f.rst buBong agent Rl). stOI. whan a porous 
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A conventional current co/lector used for an /,rwH^ 

^«'"^«»^e«'««roch8micalreac(/viJ 

VVhen a conveniionai currant coilector is used far i,n 
anode and a binder used ihr -—IT^ 

iJ,. anode «• a cathode ia 

a hydrophllic resin such as Nation waiar ie ^i^!^ 

duetothehydrophaicp^veSr^ ^^"^ 
h.. ^''^ tor the anoda 

S to r"*?''''^ " lhat water is ha«fly^' 
plied to the polymer electrolyte men«rane Ihrouoh tt» 
current collector. VVhile this does not so^er 22* 
- operation temperature of a S^^^^^Z 
because a hyd«vWlic resin forming L t^tlS^. 

* membrane is mireasad so that a eltuaEon where 
*e polymer electrolyte membrane is eas^miSS 
ctta.;^. water is ha^fly u, be th^hfte 
anode-sde current collector. As ar^it the effect ol 

ftillyachieved. TTte problem becomes prominent ,W 

teuter When thefuel cell operates at highte^^^^ 
which water lends to evaporate. •«'^ra<ure at 

(u, "^"^ «»"ector 40 has a function 

tor maintaining water. •«"wion 

Water of condensed supersaturalinfl steam in 
-Ode dujrw mainly arouSS^X^S^X'; 

4Wc«ihesurfitee of the current collector X<p<^^ 
the anode gas channel 21. This dumping w^«^ 

^'^««70w-dMnF,g.2ciuetothecapille,ypS?Z? 
non of the path F1 or due to the repetltS, 
anddesorption to the surface of the hydTophilSSS 
aaent Asa resuH •hedunping water fa supplied to aS 
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humidines the polymer electrolyte menrt^rana 

The supplied water having been moved to the 
anode penetrates into the anode through a hydraphilic 
phase of reein such as Nation forming the aruxio and is 
used tD humldrfy tfie polymer electrolyte membrane 5 
directly or indirectly In an indirectly case, water pene- 
trating into the hydropNIIc reein phases in the anode ie 
evaporated at an operation temperature and indirectly 
humidifiee the polymer electrolyte membrane, ki a 
direa case, water penBtrating Into the hydrophilic resin io 
ptiases In the arwda goes through the phases and 
humidifies Ihe polynoer electrblyte mentbrane directly. 

As described above, the cun'ent collectore 40 and 
41 are loaded with bulking agents and form density 
porous substances and. furthermore, electrodes and ib 
the cunent collectors surrounding the polymer electro- 
lyte meoribrane has high hydrophilic property so that a 
wide area in the fuel cell 1 has high hydrophilic property 
and the fuel cell 1 achieves a high humidification effect. 

A function fbr adowirig water to go through a current 20 
collector freely is defined as a ^vater moving function" 
in this application. The defined function Includes a func- 
tion for allowing reaction product water to go through the 
current conector to the cathode gas channel 31 and a 
function for aQoM^'ng condensation product water to go 25 
through tha current collector to an anode. 

Note that the cun^ent cotlectcrs 40 and 41 undoubt- 
edly has enough gas permeability 

Gas (reaction gas such as anode gas or cathode 
gas, or steam) is n^inly disiributed through the palh F2 so 
(P2) maintained In the hydrophobic phase 40c (41c). 
Because water almost exclusively goes through the 
hydrophilic phase 40d (4ld) as described above, gas is 
certainly distributed to an electrode through the path F2 
(P2) maintained In Ihe hydrophobic phase 40c (41c) ae 3S 
indicated by the arrow "a". However, when water does 
not go through the path F1 (F'l ) in the hydrophilic phase 
40d (4ld). the hydrophilic phase 40 d (4ld) is used to 
distribute gas. 

The water movir^g function described above is 4Q 
affected by a mixture ratio of ^e first bulking agent Rl 
and the second bullong agent R2 in the porous mixture 
phase 40 b (41b). More specifically, when the amount of 
the second bullying agent R2 which is hydrophobic is too 
large, tha number of paths F1 (F'1) decreases and 45 
watar does not move sufficiently; when the amount of 
the first bundno agent Rl which is hydrophilic is too 
large, enough paths F2 (F^) which are the paths for dls- 
lrit3uling gas are not maintained. Accordingly, for 
Instance, when an average hole diameter of the porous so 
mixture phase 40b (41 b) is in a range from 0.01 (im to 5 
pm. A is pref eral^a to set tha mixture rate of hydrophobic 
f luororesin in the phase to a range from Swt% lo 60wt%. 

Because a oorventfonal current collector which is 
not loaded with bulidng agents Includes some parts in ss 
which narrow gaps between fibers form capillary paths, 
reaction product water may go through the capillary 
paths. However, the rate that the capillary paths are 



form ed is low so that the water moving function is haidly 
achieved. On the contrary, when bulking aganis is 
loaded into holes of a porous substrate as this embodi- 
ment, capillary paths are formed at high rate, achieiring 
a profound water moving function. 

When a conventional current collector which is a 
hydrophobic finish carbon paper is i^ed. carbon f&>ers 
constructing the cartxin paper go through the carbon 
paper perpendicular to the cartxjn paper and. therefore, 
water moves using the carbon fibers as paths. However, 
in this case, only little amount of water moves along tha 
carbon fibers so that the water moving function Is hardly 
expected. 

< Embodiment Modifications > 

While, in the above description, the anode-side cur- 
rent colledor 40 includes a function lor supplying water 
ard the cathode-eida current collector 41 includes a 
function for letting out water, these cun'ent collectors are 
formed in the same manner so that the cun-enl collector 
40 also includes the function for letting out water and 
the current cotlector 41 also includes the function fbr 
supplying water. 

When anode gas is not humidified and cathode gas 
is humidified during the Operation of a fuel cell, the 
water moving function is achieved by using the synthetic 
porous substar)ce only for a cathode-side current cd* 
lector. Whan anode gas is humidified during the opera- 
tion as described in tfie present embodiment, it is 
desirable that the cathode^e current collactor as well 
as the anode-side current collecior is made of the syn- 
thetic porous substances so that the distribution of gas 
is nol hampered due to staying reaction product water, 
thereby achieving a stable operation. 

While the current collectors 40 and 41 and the cell 
are formed to have a single-piece construction, the cur- 
rent collectors may be separate from anode or cathode 
which is formed on a carbon paper liaving been sut>- 
jected to a hydrophobic fimshing. 

While, in the above description, the successive par- 
ticlBs of the hydrophilic first bulldng agertt Rl pass 
through the porous sut^strate between both surfaces of 
the porous substrate, the particles does not exist suc- 
cessively in some parts of the porous substrate, in 
these parts, when the distance between the partidas is 
around the diameter of a drop particle, the water moving 
function is achieved by the surface tension. 

Experiment 1 

Cathode-side cunent coOectora "A" and 'B" of car- 
bon paper processed as shown in Table 2 based on this 
embodiment and cathode^e current collector 'C* fbr 
comparison are pioduced. Fuel cells fbr expe'iment 
(experiment fuel cells) inclucfing the cun'ent collectors 
**A" and "B' having the above staicture and a fuel ceil for 
comparison (a conr^parison fuel ceU) Including tfie cur^ 
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rent coUoctor X' are produced. 

Members, except for the cathode-side current col- 
lector, conslructing each fuel cell ere produced ur^der 
the condftfons below. 

Electrodes (en anode and a cathode) are made of 
platinum cartxxi (WC), Nef ion, and PTFE (weight rabo 
18 67.92.1:30) using a loiown sheet forming method. 

A polymer electrolyte membrane is made of Naflon. 
the polymer electrolyte membrane and the eiectrodes 
are crinped using the hot press method (lanperalure is 
150*0. 70ko^cm2, proceee time is 90 seconds), with the 
layer and electrodes contacting each other, to produce 
a cell. 

An anode^de current collector ie produced by 
impregnating carbon paper with I6wt% FEP and by 
sutjeclfng the cartwn paper to a heal treatment ai 
3dD<'Cforone hour. 

The experiment fu^ cells and the comparison fuel 
cell which are produced in the manner described above 
operate under the conditions below under which reac- 
tion prodJjct water due to electrode reaction tends to 
Slay. By doing so. change in cell characteristics over 
operation time is evaluated. 

(Operating Conditions) 



10 
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cell temperature: 

cathode gae humidification temperature : 
ao^c 

anode gas humidification temperature : 
30*C 

current density : 
OMOmin : 0.3A/cm2 
10-20min;0,4A/cm2 
20'30m|n ; O.SA/cm^ 

Fig. 4 shows the experiment results. Fig. 4(a) Is a 
characterlsBc figure of plots of resistance (vertical axis. 
unitrmO) versus operation time (horizontal axis.* 
unltrmin). Rg. 4(b) is a characteristic figure of plots of 
unit ceU voltage (verticaJ axis, unitmV) versus cperation 
time. ^totB that ttie resistance Is measured using the 
iKMz AC inpedance method to remove resistance of 
electrode reaction and to measure internal resistance 
reflecting humidification condition of constructing mem- 
bers and in particular of a polymer electrolyte mem- 
brane. 

As can be seen from Rg, 4(a), resistance of the fOel 
ceils Including the cun-ent collectors "A" and -B" is 
smaller than that of the convarison fuel cell including 
the cun-ent colJector "C". This invlles thai the experi- 
mart fuel cells including cun-ent collectors of dense 
structures achieves higher effect for humidifying the pol- 
ymer electrolyte membrane than the COiTparison fuel 
cell Including a cunent collector of a sparse structured 
That is, the experiment fuel cells are syperior to the 
oomparlEon fuel cell in water supplying operation for the 



polymer electrolyte membrane. 

As shown in Fig. 4(b). the cell vdlage of the com- 
parison fuel cell tends to decrease diamatlcally ft-om 
operation iriibal time and decreases to about 50%, On 
the contrary, the cell voltage of the experiment ftiel cells 
including iha current collectom "A" and "B' remains 
high, compared with that of the conparison fuel ceil 
Including the cun'ont coilector -C^ and is stable over 
time. It is apparent from this result that the experiment 
fuel cells achieve superior stability even if the fuel cells 
operate at low operating lemperaiure and at room tern- 
perature at which water due to condensation haitily 
evaporates. 

After the experiment, each fuel cell is disassembled 
to observe holes near an interface between a caihode- 
side current collector and a cathode. The observation 
reveals that a large amount of water stays In holes of the 
comparison fuel cell, while the amount of water staying 
In holes of the eaqperiment fuel cells is remariwbly small, 
conipared with the conrparison fuel ceil. 

Judging from the observation and experiment 
results, reaction product water staying in a cathode-side 
current collector deteriorates cell characteristics. 

Judging from the axperlment result that the ceil volt- 
age of the fuel cell including the current collector "A* Is 
higher than that of the fuel cell Including the cun-ent col- 
lector "B*, it can be said that applying mixture paste to 
both sides of a porous substrate of carbon paper makes 
tha water moving function better, 

gxperimem g 

TTie following is a description of change in cell char- 
acteristics due to various cathode gas humidification 
3ff tenperatures. SS^-C, 73^C. 78°C and eO-C under the 
following operating conditions. 

(Operating Conditions) 

40 ceil temperature : 

eo'C 

current density : 
0.5A/cm2 

utilization factor of hydrogen gas : 
<s 50% 

Utilization factor of oxygen : 
20% 



2S 



9Q 
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Electrodes of fuel cells used fbr this experiment are 
made of paste wtiose conposition is (Pt^C)/Nafion 
(weight ratio=100/15) using the screen printing method, 
unlike the cun'ent coliectora "A" and "B". isiafion solution 
of 0.5g/cm2 is sprayed on surfeces of the electrodes to 
pnDduce Naflon layers. The electrodes with tha Mafion 
layers are subjected to the hot pressing to form a cell 
structure element The slnjctures. except fbr the elec- 
trodes, of the fuel cells are the same as those of Exper- 
iment 1. 
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Ftg. 5 6how$ experiment results. As shown in Fig. 
in Ihe case of the aKpariment fuel catl ihclucling the cur- 
rent collector "A" of carbon paper which is processed by 
applying the first and second buIWng agents R1 and R2, 
cell voltage ie high, compared with ihe case of the com- s 
pa/jfion fuel ceil including a non-processed current col- 
lector. Furthennore, the cell voHage remains high over 
time. 

There is a remarl^e difference between the 
experiment fuel caHs and Ihe comparison fuel cell when w 
the humidtficatlon lerrperalure is high and closer to the 
operating temperature. Supersaturating steam con- 
denses when Ihe humidlf ication temperature is high and 
closer to the operating temperature. This condensation 
product water is removed from the experimem fuel can is 
Including the current collector "A" through holes in the 
cun-ent collector, whereas the condensation product 
water stays in the comparison fuel cell including the cur- 
rent collecior *C~, and enough cathode gas is not sup- 
plied. ^ 

Smiwdimentz 

TTie fuel cell of this emi^odlment has the same 
structure as Emt>odiment 1 , except for anodes ide cur- ss 
rent collector 200 and cathode-sidB cunem collector 
210. Therelbrei the following description mainly con- 
cerns different aspects. 



< Structure of Current Collector > 



30 



T?ifi cun-ent collector 200 (210) is produced by 
applying hydrophobic resin and hydrophilic resin to a 
porous sut>strate. whose skeletons are electric conduc- 
tive fibers, such as carbon paper. ss 

Fig. 6(a) shows a sectional view of a main part of a 
cen structure element including the cunant collectors 
200 and 210. Rg. ^b) is a fragmentary view of the cur- 
rent coileclor 200 or 210. 

As shown in Rg. 6(a). the current collector 200 4o 
(210) includes: the hydrophobic layers 202 (212) which 
are formed lo surround fibers 201 (211); and hydm^phHlc 
laygrs 203 (213) made of a hydrophilic material on the 
hydrophobic layers 202 (212). where particles of the 
hydrophilic material successively exist through the 4s 
porous substrate to connect both surfaces ol the porous 
substrate. 

As shown in Fig. 6(b). the areas provided with the 
iiydrophilic layers 203 (213) are strip-liira, are parallel to 
each other, and are positioned almost along the centers so 
of gas channels 21 (31). The areas are properly dis- 
persed in the entire porous substrate. 

Tlie fibers 201 (21 1) are electric conductive and are 
carbon fibers or metal fibers, as Embodiment 1 . 

Ttie hydrophobic layers 202 (212) are made of the ss 
same hydrophobic resin as that used for the current col- 
lector 40 (41). As the current collector 40 (41), the 
hydrophilic resin is a resin, such as perf luorocarbon sul- 



tonic add polymer or perfluorocarbon cafboxylic acid 
polymer, nylon, r^yon, poJychlal, acrylic polychlal, and 
vinylldBne chloride polymer. 

< Manufacturing Method of Current Collector) 

The above cunrent coflector 200 (210) is produced 
in the manner below. 

By impregnating a porous substrate with hydropho- 
bic resin or by spraying hydrophobic resin on the porous 
substrate, the hydrophobic resin adheres to the sub- 
strate. The porous substrate, to which the resin adheres 
in the above manner, is heated at high tanperalure 
(360*'C. for instance). By spraying hydrophilic resin on 
slits which are established in a stripe shape with i^eep- 
ing a certain Interval between the slits, for instance, the 
hydrophilic resin adheres on the hydrophobic resin. In 
this manner, the cun-ent collector of this embodiment, 
namely the porous substrate to wNch the hydrophobic 
and hydrophilic resins adhere, is produced. 

Note that It is preferable to perform the process of 
hydrophilic resin on both surfaces, not on only one sur- 
face, of the porous sut>strate. This is t>ecBuse, when the 
process Is perfbrmed on both surfaces, hydrophilic lay- 
ers which pass through the substrate to connect both 
surfaces of the substrata, are obtained at a high rate, 
that is, each area of an going across hydrophilic layer 
per unit area is large. 

it is preferable to sat the composition ratio of hydro- 
phobic lluororasin and of hydrophilic resin to the porous 
substrate in a range from Swt% to 60wt% and in a range 
from 3wt% to 30wt%, respectively. 

( Water Moving Function > 

As indicated by the arrow T in Rg. 6(a). most of 
reaction product water penetrates into the hydrophilic 
layers 213 and goes through the cun-ent collector 210 to 
the cathode gas channel 31. As a result, drops of the 
reaction product water doee not blodc holes in the cur- 
rent collector 2lO, preventing the drops from hampering 
the distribution of cathode gas. 

As indicated by the arrow 'g', condensation product 
water of supersaturating steam In anode gas penetrates 
mainly into the hydrophilic layers 203. goes through Ihe 
current collector in the direction to the cathode, and Is 
supplied 10 the polymer electrolyte membrane to humid- 
ify the polymer electrolyte membrane. 

Reaction gas is distritsuted through spaces sur- 
rounded by the hydrophobic layers 202 {2^^) to the 
electrode. 

C Embodiment Modifications ) 

In this embodiment at first, the hydrophobic layers 
are formed and then the hydrophilic layers are fomied 
on the hydrophobic layers. However, conversely, the 
hydrophilic layers are formed by letting hydrophilic resin 
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to w]her8 to a porous substrata and then the hydrophO" 
bic layers are formed by letting hydrophobic reeln to 
adhdra partially to tho hydrophillc layers. 

The area provided whh the hydrophiiic layers does 
not need to be formed In stripe shapes and may be dis- s 
tributed In dot shapes. 

Embodimenta 

The fuel cell in this embodiment has the same 
structure as that in Embodiment 1 . except for the struc- 
tures oF anode-side cun-ent collector 300 and cathode- 
side current collector 310. Therefore, the following 
description mainly concerns different aspects. 

( Structure o1 Current Collector) 

Fig. 7 is a sectional view of a main part of the cell 
structure element including the current collectors 300 
and 310. 

As shown in Ffl. 7, the cun-ent collector 300 (310) 
is formed by loading the first and second bulking agents 
R1 and R2 into holes in a porous substrate, as the cur- 
rent collector 40 (41 ). However, the current coltector 300 
(310) includes paths Tl (Tl) of a predetermined inside 
diameter. The paths T1 (Tl) are formed by performing 
the fbllowino process on the porous substrate. 

One end of each paths Tl (T1 ) is exposed to the 
anode gas channel 21 (the cathode gas channel 31) 
and the oilier end is exposed to the cathode 12 (the 
cathode 1 3) so that the paths T1 (T1 ) go across the cur- 
rant collector 300 (310). The hydrophiiic third bUMng 
agent R3 Is loaded into the paths Tl (T1}. 

The third bulking agent R3 may be the same mate- 
rial as the hydrophiiic first bul)<ing agent R1. 

The paths Tl (Tl) are formed by loading the third 
bulking agent R3 so that path spaces F3 (F'3) formed by 
gaps between particles of the bulking agent R3 are 
maintained in the paths Tl (Tl). The path spaces F3 
(F'3) pass through the porous substrate between both 
surfaces of the porous substrate and water moves 
mainly through the path Spaces F3 (F'3) due to capllary 
phenomenon. 

( Manufacturing Method of Current Collector) 

The fbliowing is a description of the current colieo^ 
tor 300 (310) including the paths Tl (Tl) descn'bed 
above. 

An original sut)strate of the cunenl collector 300 
(301) is the same synthetic porous substance as the 
current collector 40 (41) in Embodiment 1 . 

Rg. 8 shows a method of producing the paths Tl 
(Tl). 

As shown In this figure, a plurality of through open- 
ings of a predetermined diameter are established using 
opening establishing device 400, with the plurality of 
through openings being dispersed in entire synthetic 



porous substance 300 (300). 

The opening establ^ing device 400 indudes a plu- 
rality of needles 401 of a predetennlned diameter and 
needle support plate 402« where the pluraOty of needles 
401 being supported by the needle support plate 402. 
Through openings whose diameter is equat to the diam* 
eter of the needles 401 is estfdb&shed in the original 
substrate 300 (300*) by: making the tips of the needles 
401 and the original substrate 300 (300*) contact each 
other: and applying proper pressure to needles 401 and 
the original substrate 300 (300*). 

H is preferable to set the diameter of the through 
openings to a range from O.OOIcm^ to 0.04cm2. 

This is because when the diameter is too small and 
the cross section of each through opening is smaller 
than this range, the paths Tl (Tl) do not achieve 
enough effect; when the diameter is too large and the 
aoBS section of each through opening is larger than this 
range, the nurrtier of water paths increases too many 
and. conversely, the nuntser of gas flow paths 
decreases. 

Note that these through openings are established 
so that one end of each through opening is e;^>osed to 
a gas channel 21 (31) when each member is laminated. 

< First Manufacturing Method ) 

Electrodes are established by applying electrxxja 
forming paste to the original substrate in wi/hioh the 
through openings have been estatslished, the electrode 
forming paste including a hydrophiiic binder, such as 
perfluorocarbon sulfonic acid pdymer and perfluorocar- 
bon carboxyilc acid polymer, catalyzer, and volatile sol- 
vent (mixture of platinum cartxxi. Nation, and volatile 
solvent (Pt/C:Nafion>1 00:20 (weight ratio), for instance) 
using the screen printing method. When electrodes are 
estatilishcd In this manner, ttie paste enters into the 
through openings which are established beforehand so 
that the cun'ent collector 300 (310) induding the paths 
Tl (Tl) is simultaneously produced. Tlis paths Tl (Tl) 
is hydrophiiic material (substance having the same 
composition as the nonvolatile component used for 
fomiing electrode in this case) which is loaded into the 
through openings. With this method, the paths Tl (Tl) 
and electrodes are formed simultaneouely. 

(Second Manu^cluring Method) 

Another manufacturing method is to establish 
through openings and to load hydrophiiic bulking agent, 
simultaneously. With this method, hydrophiiic reein vota- 
Ule solution adheres to the needles 401 of the opening 
establishing device 400 beforehand, through openings 
are established in an original substrate with the needles 
401, and the sutsstrata is dried. 
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(Water Moving Function) 

Thd current collectors of Embodiment 1 are pm- 
duced using mixture paste of hydrophobic material and 
hydrophilic material TTiarefbre. in eome caees* particles 
of the i^rophobic material may exist botween particles 
of the hydrop^jfic material, with sequence of the parti- 
cles of the hydrDphiHc material being cut In the current 
coUectors. Also, the mixture paste is applied onto a 
porous substrate which is formed by complicaied fibers 
so that sequence of panicles of hydrophilic material is 
cut by the fbers. 

Accordingly, althouQh totaJ hydrophilic property of 
current collectors are improved and, therefore, water 
moving function is achieved, some parts of the cun'ent 
colleclors does not utilize the hydrophilic property of the 
hydrophilic material. More specifically, although It Is 
preferabia that walls of the paths F1 (P1). through 
wlrich water nxsves, is successive partidas of a 
hydrophHio materiaJ, particles ol a hydrophobic material 
are mixed in the particles of the hydrophilic material and 
cut Ihe sequence of the particles of the hydrophilic 
material in some parts of the walls. In this case, the cap- 
illary phenomenon of the paths F1 (Pi), which pass 
through the current collector between boih surfaces of 
the current collector, sometimes does not occur and 
thus water does not move. 

On tha contrary, particle sequence of a hydrophilic 
material is not cut by particles of an extremely high 
hydrophobic material such as fluororesin in the cun-ent 
collectors 300 and 310. Furthennore, the current collec- 
lora 300 and 310 include the paths T1 (Pi) wtiich are 
through openings established verticat to the current col- 
lectors and are loaded with a high hydrophilic material. 
As a result, the paths T1 (Tl) have higher hydrophilic 
property than the hydrophilic phases 40d (41d) in the 
same space volume. 

Therefore, the current collectors 300 and 310 have 
profound water moving function, compared with the cur- 
rent collectors 40 and 41, due lo the paths T1 (Tl). 

Note that although the through openings are loaded 
with materials composing electrodes, most of catalyzer 
particles of tha matarial are carbon and have hydrophilic 
prcperty. 

(Embodiment Modifications) 

When through openings are established in current 
collectors of Embodiment 2 In the same manner as 
Emtxxfiment 3 and a hydrophilic bulking agent is loaded 
into the through openings, the current collectors have a 
mere effective water moving function. 

Even if a current collector has only water flow paths 
produced by establishing through openings in a porous 
substrate and by loading a hydrophilic material into the 
thmugh openings, the current collector has a more 
effective water moving function than a conventional cur- 
rent cofleclor. 
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< Experiment 3) 

The experiment fuel cell "0" is produced using cur- 
rem collectors incliKiing the paths Tl (Tl) formed in the 
5 first manufacturing method described above (ratio of 
paste br forming electrodes to nonvciatila conponent, 
Pt/C:Nafion = 100:20 (weight ratio)). The experiment 
fuel cell 'E" is produced using current collBctors includ- 
ing the paths T1 (ri) formed in tiie second manufactur- 
10 Ing method (through openings are e8tat)lished with 
needles to whose tips Naf bn alcohol solution adheres). 

The comparison fuel ceU "F" is produced using cur- 
rent collectors formed in the same manner as Emtxxli- 
ment 1 . The comparison fuel ceD "ta" is produced using 
75 conventional current collectors which are caitian paper 
subiected to a hydrophobic finishing. 

These fuel cells "0* to 'G" operate under the follow- 
ing operating conditions to measure coH voltaoa over 
time. 

20 

(Operating conditions) 

cell temperature : 
80-C 
2S current density : 
O.SA/cm^ 

Utilization factor of hydrogen gas : 

50% 

u^li^etion factor of oxygen : 
30 20% 

anode gas humicfiflcallon condition : 

moisture is added to anode gas at tha ratio of about 

im^/min 

^ Rg. 9 shows plots of the result of this cell voltage 
measu rement versus time. 

As can be seen from this figure, cell voltage of the 
experiment fuel cells *D" and "E" remain statie osrer 
time, whereas call voltage of the comparison fuel cell 

40 remarkably decreasee. Cell voltage of the compari- 
son fuel cell T" does not decrease to the same degree 
as the comparison fuel cell "G", knit the stability of the 
cell vciiage of the comparison fuel cell 'Q* is not so 
excellent as the experiment fuel ceils "D" arxt "E^ 

45 It is apparent from tiie resuH that water moving 
function achieved by tfie paths Tl and T1 , in which only 
hydrophilic material described above is loaded, effec- 
tively maintains stable celt characterietice. 

so < Conclusion of Effect ) 

As described above, the cun-ent collector of the 
present invention includes hydrophilic material other 
than skeleton f ibens of tha cun'ent collectors so that total 
59 affinity with water, namely hydrophilic property, of tiie 
current collector is higher than that of conventional one, 
making condensation product water arxj reaction prod- 
uct water move freely in the current collector. 
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Becausa readion prcxiuct water generated in a 
cathode tends to clay, on an interface between the cath- 
ode and a currant collector and this staying water dete- 
riorates cell characterisliqs, the current collector off the 

Pfesant invention applied to a cathode side produces a s 
profound effect That is, when the cunent collector of 
the presort Invention is ueed. reaction gas is not ham- 
pered tjy reaction product water and is supplied to each 
electrode. As a rasuii, call characteristics such as ceU 

voitaga does not decrease and stable power generation ,« 
IS achieved. 

When the cun-ent collector off the present invention 
Is used for an electrode from which humidified gas is 
supplied to a polymer electrolyte fuel cell, the currant 
colle«or produces an effect that water for humidf^^^ ib 
polymer elecirolytB membrane is effectively supplied. 

it should ba noted here that e\/en if a current collec- 
tor is produced by coating a porous substrate such as 
carton paper only vwth a neutral polarity material, 
instead of conventfonal hydrophobic material such as zo 
PTFE. this current ooflector has high hydrophilic prop, 
erty in total. 

Although the present invention haa been fully 
doscn-bed by way of examples with reference to the 
accompanying drawings. It is to be noted that various 2s 
changes and modrlications will be apparent to those 
skilled In the art Therefore, unless otherwise such 
changes and modifications depart from the scope of the 
present invention, they should ba construed as being 
therein. ^ ^ 

Claims 



1- A fuel cell comprising: 

a can including an electrolyte member, an 
anode layer, and a cathode layer, wherein one 
mam surface ol the electrolyte member is pio- 
vided with the anode layer and the other main 
suriiace of the electrolyte member Is provided 4q 
with the cathode layer: 

a pair off current collectors, wherein one of the 
pair of cun-em collectors is positioned to con- 
tact the anode layer and the other of the pair off 
current collectora is positioned to contact the 4S 
cathode layer, at least one current collector 
incfudas a thin porous substrate and a 
hydrophilic material, wherein the hydrophilic 
material is provided to either of holes of tha thin 
porous substrata and surfaces of skeleton ele- so 
menis of the thin porous substrate so that 
hydrophiRc areas formed by the hydrophilic 
material successively pass through the thin 
porous substrate between both surfaces off the 
thin pon>us siijstrate; ^ 
a first channel member which includes chan- 
nels, tha channels facing the anode layer vinth 
one off the pair of current collectois in between; 



and 

a second channel member which includes 
channels, the channels lacing the cathode 
layer with the other one off the pai^ off cun^ant 
coUectois in between, wherein 

the hydrophilic areas of the at least one 
current collectors are axpoeed to channels off at 
least one of the firet channel meni>er and the 
second channel member. 

2. "Hie fuel cell defined in daiml, wherein 

the hydrophilic areas Include at least one 
palh which Is surrounded by particles of the 
hydrophilic material. 

3- The fuel ceil defined in Claim 2, wherein 

the at least one cun-ent conactor eac^ 
includes at least one gas flow path which is sur- 
rounded by part'des of a hydrophobic material pro- 
vided !o either of holes of the thin porous substrate 
and surfaces of sicelelon elements of the thin 
porous substrate. 

4. The fuel cell defined in Claim 1 . wherein 

ihe at least one current oonector each 
includes at least one gas flow path which passes 
through the thin porous substrate between both 
surfaces of the thin porous substrate, whv oin the 
gas flow path is surrounded by partidas off a hydro- 
phobic material. 

5. The fuel cell defined in Claim 1 , wherein 

a plurality of through openings are estab- 
fehed in (he at least one cun-ent collector, wherein 
the plurality of through openings pass through the 
thin porous substrate between both suritees of Iha 
thin porous Substrate, virherein 

a hydrophilic material is loaded into the plu- 
raliiy of through openings. 



6. 



7. 



The hjel cell defined in Oaim 5. wherein 

tha at least one cun-ent collector each 
includes at least one gas flow path which passes 
through the thin porous substrate between both 
surfaces of the thin porous substrate, wherein the 
gas flow path is surrounded by partfdes off a hydro- 
phobic material. 

Tile fuel cell defined in Qalm 6. wherein 

the porous substrate is made of a material 
selected from the group consisting off carbon fibers 
metal fibers, and glass ffcers: 

the hydrophobic material is a fluororesin 
selected from the group consisting of polytetraf luor- 
oelhylene. telrafluoroethyfene-pertluoroaiKylvi. 
nylethorcopolymer, lelrafluoroethylene-hexafluQro- 
pfopyienecopolymer. polychlomtrifluoroethylene 
polyvinyiidene fluoride, polyvinyl fluoride, and 
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tatrafluoroetylene-ethylene copolymer; and 

Ihfl hydrophilic material selected from lha 
group consisting of caiton, motaj, gtass^ earamlc; 
eillca gel, zeolrt^ perf luorocarbon sulfonic add pol- 
ymer, psrfluorocartson carboxyfic add polyniBr 
nyion, rayon, polyesler. acrylic fibei^ polychlaj' 
vfnyfidene chloride polymer. 

a The fuel ceH defined in Claim 4, wherein 

the porous eubslrate is made of a material io 
selected from the group consisting of cartjon fibars. 
metal fibe/«, and grass fibers; 

the hydrophobic material is a fluororesin 
selected from the group consisUng of pglytelralluor- 
oethrlone. tetrafluoroettiylen^eifluoroalkylvi- is 
nyfethercopolymer, tatrafluoroethylane-hej(afluofoi 
propylenecopolymar, polychlorotrifluoroethylane. 
Wriylidene fluoride, polyvinyl fluoride, and 
tetrafluoreetylena-ethylene copolyiYier; and 

the hydropWIic material is selected from the 50 
group consisting of carbon, metal, glass, ceramic, 
silica gel. zeolite, perfluorocartxjn sulfonic acid pol- 
ynjer. perfluorocaibon carboxylic acid polymer. 

SS: 'S^^^' ^^^^ PdiyMBi. 

vinylidene chloride polymer. ^ 

3- The fuel cey defined in Claim 3, whareln 

the porous substrate la made of a material 
selected from the grioup consisting of carbon flbersL 
metal f toera» and oiass fibers; 
. ^-^l hydrophobic material Is a fluororesin 
^ consisting of poiyletrafluor- 
oethylene. teirafiuoroelhylene-peftluoroalkyfvi- 
nylelhercopolymer, tetrafluoroelhylene-hexafiuoro- 
prq)ylanecopoJymer. polychlorotrifiuoroethylene, 35 
polyvinylldBna fluoride, polyvinyl fluoride, and 
tetrafluoroetylene-ethylene copolymer; and 

the hydrophilic material is selected from the 
group consisting of carbon, metal, glass, ceramic 

silica gel. zeolite, perfluorocaibon sulfonic acid pol- 4o 
ymer, perfluorocaibon carboxylic add polymer, 
nylon, rayon, polyester, acrylic fibei«. pofvchlal 
Vinylidene chloride polymer. wcniai. 

10, A fuel call comprising: ^ 

a cell including an electrolyte member, an 
anode layer, and a cathode layer, wherein one 
main surface of the electrolyte member Is pro- 
vided with the anode layer and the other main SQ 
surface of the efectrolyla member Is provided 
with the cathode layer; 

a pair ol current collectors, wherein one of the 
pair Of current collectors is positioned to con- 

tact the anode layer and the other oflhe pair of gs 
current collectors Is posrf oned to contact the 
cathode layer, at least one current collecior 
indudee a thin porous substrate and a 



24 

hydrophilic material, wherein the hydrophilic 
material is loaded into a pluralrty of through 
openings, which are established to pass 
through the thin porous sibstrate betMfOen both 
surfaces of the thin porous substrale. so that 
hydrophilic areas formed by the hydrophilic 
material successively pass through the thin 
porous substrate; 

a first channel member which includes chan- 
nels, the channels facing the anode layer wrih 
one of the pair of current coHectore in beMveen; 
and 

a second channel member which includes 
channels, the channels facing the cathode 
layer with the other one of the pair of current 
collectors in between, wherein 

the f^rpphilic areas of the at least one 
current collectors are exposed to channels of at 
least one of the first channel mentwr and the 
second channel member. 

t1. The fuel cell defined in Oaim 10. wherein 

the hydrophilic areas ftidude at ieasi one 
path which is sun-ounded by particles of the 
hydrophilic material. 

12. The fuel ceu defined in Qaim 1 a wherein 

the at least one cun-ent collector each 
includes at least one gas flow path which is sur- 
rounded by partcfes of a hydrophobic material pro- 
vided to either of holes of the thin pomus substrate 
and surfaces of skeleton elements of the thin 
porous substrate. 

ia The ftjel cell defined in Claim 12. wherein 

the porous substrate is made of a material 
selected from the group consisting of carbon fbers 
metal fibers, and glass fibers: 

the hydrophobic malarial is a fluororesin 
selected lirom the group consisting of pdytetrafluor- 
©ethylene. tetiafiiioroethylene-perfiuoroalkyfvi- 
nylethercopolymer, tetrafJuoroethyiene-haxafluorO' 
propylenecopoiymer. polychlorotrifiuoroethylene. 
polyvinylidene fluoride, polyvinyl fluoride, and 
letrafiuoroetylene-Bthylene copolymer: and 

the hydrophilic material is selected from the 
group consisting of carbon, metal, glass, ceramic 
silica gel. zeolite, pert luorocartxjn auHbnio acid pol- 
ymer, perfluorocarbon caiboxyUc acid poiymef, 
rvlon. rayon, polyester, acrylic fibers, polychlal 
vrnyiidene chloride polymer. 

14. A cell structure element, which is a slaictural unit of 
a power generation efemem of a fuel cell, compris- 

a cell including an electrolyle menter, an 
anode layer, and a cathode layer, wherein one 
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main eurtaoe o1 the electrolyte mstrbor je pro- 
vH^ed with the anode layer and Ihe other main 
surface of the electrolyte member Is provided 
with ihe cathode layer; and 
a parr of current ooDectors, wherein one of the 
pair of current coHectore is positianed to con- 
tact the anode layer and the other of the pair of 
cun'crvt collectors re pcsrtioned to contact the 
cathode layer, ei least one current collector 
included a ihin porous substrate end a io 
hydrophilic material, wherein the hydrophilic 
material Is provided lo either of holes of the tWn 
porous sufc>strate and sudaces of skeleton eia- 
ments of the thin porous substrate so that 
hydrophilic areas famed by the hydrophilic is 
material suocesslvefy pass through the thin 
porous substrate between both surfaces of the 
thin porous substrate. 

. 15. TTie cell structure element defined in Claim 14, 2q 
wherein 

the hydrophnic areas Include at least one 
path which is surrounded by particles of the 
hydrophilic material. 

16. The cell structure element defined in Claim 15, 
wherein 

the at leasl one current cotlector each 
includes at least one gas flow path which is sur- 
rounded by particles of a hydrophobic material pro- so 
vided to either of holes of the thin porous substrate 
and surfaces of skeleton elements of the thin 
porous substrate. 

17. The cell structure element defined in Claim 14, 3s 
wherein 

the at least one current collector each 
includes at least one gas fbw paih which is sur- 
rounded by particles of a hydrophobic material pro- 
vided to either of holes ot the thin porous substrate 40 
and surfaces of skeleton elements of the thin 
porous substrate. 

18. The cell structure element defined in Claim 14. 
wherein ' ^ 

a plurality of through openings are estab- 
Rshed in the at least one current collector, wherein 
the pluraEty of through openings pass through the 
thin porous substrate between both surfaces of the 
thin porous substrate, wherein f,^ 

a hydrpphHic material is loaded into the piu- 
rality of through openings. 

19. The can structure element defined In Claim 18. 
wherein ^ 

the at least one current ooflector each 
includes at least one gas fbw path which is sur- 
rounded by partk;les of a hydrophobic material pro* 
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vided to either of holes of the thin |X)rou3 substrate 
and surfaces of skeleton elements of the thin 
porous substrHte. 

2a The cell structure element defmed In Claim 19. 
wherein 

the porous substrate is made of a material 
selected from the group consisting of carbon fibers, 
metal f flsers. and glass ftoers; 

the hydrophobic material is a ftuororesin 
selected from the group consisting of polytetraftuor- 
oethylene, tetrafluoroelhytenei>erfluoroalky»vi- 
nylBthercopdymer. latrafluoroethylenB-hexafluoro- 
propylenecopolymer, polychlorotrifluoroelhylene, 
polyvinyfidene fluoride, polyvinyl fluoride, and 
tetrafluoroetylene-ethytene copolymer- and 

the hydropNIIc material is selected ftom the 
group consisting of carbon, metal, glass, ceramio, 
silica gel, zeolite, perfiuorocarbon suNbnk) acid pol- 
ymer, perfluorocarbon carboxyfic acid polymer, 
nylon, rayon, polyester, acrylic f^^ers, pdycWal, 
vinylidene chloride polymer. 

21. The cell structure element defmed In Claim 17, 
wherein 

the porous substrate Is made of a material 
selected from the gnjup oonslstino of oartMnfibeis, 
metal fibers, and glass fbers; 

the hydrophobic material is a fluororesin 
seiectcKJ from the group consisting of poiytetrafluor- 
oethylene. tetrafiuoroethylene-peifluorDalkyfvf- 
nylethercopolymar, tetrafluoroethylen»-he)cafluoro- 
propyienecopolymer. polychlorotrifluoroethyfene, 
polyvinylidene fluoride, polyvinyl fluoride, and 
tetrafluoroetyfene-ethylene copolymer; and 

the hydrophilic material is selected from the 
group consisting of Gartx>n, metal, glass, ceramic, 
silica gel. zeolite, perfluorocarixvi sulfonic acid pol- 
ymer, perfluorocarbon carboB^fic acid polymer, 
nylon, rayon, polyester, acryfic ftoers, polychlal, 
vinylklene chloride pofymer. 

22. The coll structure element defined In Claim 16, 
wherein 

the porous 8Ut)sirate Is made of a material 
selected from the group consisting of caibon fibers, 
metal fibers, and glass ia>ers; 

the hydrophobic material is a fluororesin 
selected from ihe group consisting of pdytelrafiuor- 
oethylcne, telrafluoroethylene^jerfluoroaikylvi- 
nyfeihercopolymer, tetrafluoroethfytene-hexafluoro- 
propylenecopolymer, polychloiDtrifluoroethylene. 
polyvinylidene fluoride, polyvinyl fluoride, and 
tatratluoroetylene-etfvtene copofymer; and 

the hydrophilic material is selected from the 
group consisting of cart)on, metal, glass, ceramic, 
sitfca gel, zeolite. perfluorocarit)on sulfbnk: add pd* 
ymer. periluorocart)on cart)oxytic acid polymer, 
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surface of ttie eiectrolyiTman*!^ 
vkf<yt tafHh J w-wDiyie member is pro- 

JSSTS !!lSf other m 

™» of ttw eieclrolyto member is provided 
with ttw cajhode /ayar- and Hrowwed 

m^es a thin porous substrata ami . 

openinfls, wMch are established to oass 
Itvough the thin porous subslrate betwL 
su*^ of me Ihin porous su&S^To^S 
J2^l.o areas formed by ,he hydrlpS « 
SSSTsiS^'^ throuBhVSi; " 
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"""^ '^-^ «arm 23. 
Palh w^Llrr*" ^^^^ '«ast one 

^'er^ "^'^ - Cafn 23. 

^™oes at least one gas flow path which is sur- 

SfoTSJatr^^ ^emen^oflheS; 

26. The^ strucu^B elemen, deft,ed in Qaim 25. 

selected ^"^'"^^ made of a materfal 

^'■'^ consisting of carbon fibers 
«»«tolfibere. and glass fibsfs; ^''^"Oe^. 

ssiM^l^T^' "^''"'^ « « «"0«,resin 



ymer, perfiuorocartwn carboxyfie aekt ™i 

vinylidene Chloride polyi^iar. (^cWal. 

27. A current collector which k 

conprising: « used ibr a fuel cell. 

a thin porous eubsttife: and 
a hydrqphflic materiaJ. wherein 

hjrdrophilic material f*»nicies or the 

'U'f collector defined m Claim 28 Indute. 
« least one gas flow path which jTJI^iSfS! 
particles Of a fvdro^«bfe natJfw^SSS^ 
athar of holes ol»»»4M--!r P'Wded to 

feces SsteSSl -llSr^ 

^es Of sl^leion elemenls of the thin porous sub- 



^ lea« one gas flow path which is eurrounSd S 
particles ot a h/drcphobfc material dSS22 

a ™» c««« Mcw In Clato, 31 Md.. 

at least one gas fbw oath uiWrH ! '"f "''^S 

PaNiCes Of ; hySlSL*'S^er;:SSS 
either of holes of the thin poioweu^r^ 
feces of elieleton ef«Jnte^?ff T^'® 
stiata *""*"'^«'** thin porous sub- 

» niecurremoollectorddinedinCtelmag. wherein 

mlS^S. "'^ oroup eonslsuno of carbon ftoers 
metal ftoers. and glass fajere- """"""oers. 

the fvd«)phobi6 material is a fjuoforasin 
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tfiehydrqjhiho material is selected from the «s 

So 

86. The ctifrem coffector defined in Claim 29. wherein 

seJecteJL^ "^^^"^ *^ - 

!L . 5? consislinji Of carbon fibers 

metal fibetB. and otass fibers: «"'°"'»e^ 

tetrafluoroelhylane^«xallu2«,. 

P^'ych'Ofoififluoroeihylene «> 
(W^nylidene fluoride, polyvinyl fluor«r aS 

i0t«fluoroetyiene^y,enec.iS>iLer:a^^^ 

**'!V*«P»"Hc material is selected from the 

8*eaflel.«oirte.pertluorDCart)on sulfonic acid pd- <5 
ynwr. perifuofoeartwn carboxylic add polymer 



^TiJ^.^^ "^"^ areas formed by 
"fwugh the thin paiousBubsti«e. 

""^T^^"^-""^^ " Ctaimse, Wherein 
fydrophilicmateriaL (wwes of ihe 

^ ^iJ^^l 36 includes 

fajs Of skeleton eJemems of the thm porous sub- 

39. ^ecurrentcollectordrflnedinciaimaa. wherein 

selected from he group oonsieling of carbon nbtus 
metal fibers, end glass fbeis; 

selecteSfmlillT*'" ""^^^ « 
setettedfrtvnthe flfOMpconsistlna of polytetrsfluor. 

oeMwa. tetrafluoioetfvleneiJeVttwoallcZ. 
^ercopolymer. tetmfluoroetlvJ,SSSS- 
Propylenecopolymer. polychtorottfhiroSS^ 
|»ly.ny,idene «uoride.'^yv«rSSS?'iS 
latrafluoroGtylene-ett>ylenecopoljTOef:aId 

the Ivdrophflic material is selected fromlhe 

rseiMs^r^"-^: 



a thin porous substrate; and 
a hydrophific material, wherein 

^« •Vdrophlfic material IS Ipaded into a 
pU«^.lyofth,o>,ghopenin9S.whichar7St; 
fcshed 10 pass ihrouflh the thin porous aob- 
straie betiveen both suriaces of the thin porous 



a cell including an electrolyte member, an 

^1 e'«=trolyte member is pr<^ 

v.d«j wiij, u,e anode layer and the otfier ^ 
surtace Of the electrolyte member is proSS 
wiih the cathode layer; »««»«ea 
a pair of cunrent coOe«ors, wherein one of the 
^ P««i«oned to con- 

tact the anode layer and the other of the pair of 
current collectors is positioned to coniarttfw 
cattiodelayBr. and at least one current coBacfor 
includes a thin porous eubstratei a hydrophiiic 
material, and a hy*ophobte material wSein 

mM'S?''?^ P'****' » either Of 

holes Of the thin porous substrate and suriaces 
of skeleton elements of the tfiin porous sub- 
strate so that hydrophiTIc areas fomted by the 
hydrophilic material successively pass through 
he ttiin porous subsimte between bothlJ. 
1^ ^ ""bamte. and the 

hydrophobic material is provided to ^„ 

holes of Ihe thin porous substrate and SZm 
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by particles of the fWophSte 
Zr^J^" «vP«ah the thin poroSwi? 

a flrst channel mefnbar which Indudas 
note fte ^ anS^SjS; 
^eofthapaTof current colI«c.o«^bK; 
a «e(»nd channel member whicft inouJas 

SScSI iJhJ!? 0' "^e pair of curr^J 
WMiectors m between, wherein 

to^hdud« tf,e hydrophrpc areas and the ga^JS^ 

warton product water generated by elec ^ 
"2f «''«'ugh the hydrophli? 

Jl^outto .he channais of the sec^'^ 



EP0872807A1 
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40, wherein 

the hydropWIjD areae Include at leoB, ft„^ 

Mir^-^^p-Sai^s 

4* Tje^ W electr^Vto fuel cel. defihed In 
'ished i'n SrS'SaS "^"^ "^"^ ^« ^ 

&rs:rer^^-^^- 
^^of'thts!^::^"'^'"--'-^''^'-"- 

2.rir - Claim 

made S\ 'Si^Z^V:^ 

iTMw 01 a catalyst and a hydrophilic material ths 

J^hita: material bindinfl partidea of STii! 



^0 



^ ^^^^ Claim 

fnd.Kf-'^lr ^^f" °' ""^ °' collectors 
"xjje the hydrophilic areas and the gas flow 

thecathodel«yerandtheanodelayer.w»iUin 
reaction product water Benerated by eiec- 

^ViSH^^"^ hydrcvhilicSea^f 
the cunem ooUeetor contaciing the cathode layer 

Si?S?Jir=''-"^'='°'----cha^^ « 
when anode gas which is humidified before- 

toon of the polymer electrolyta fuel cefl ^ter 
SSi. '^^^ POfyner electrcSte mem 

*9 layer and the cathode layer are 
l^oph«c material bindino parUcles aft^^. 

44. The polymer electrolyte fuel cell der«ied in Claim 



selecti^fr^1^,^f^^ fe made of a materiiU 
metal fibers, and glass fbare- 

oM^!^ Iheflroup oonslstiilo of polytetrnfluor- 
SiLi **««™'^ene^oe«X- 
^e«»poVmef. tetrafluoroathy(ene^««f/Sra. 
Propylenecopolymer. pdychtorotrifluoroothylene 
^nylKfene fluoride. poiyvj„y, i^^"^ 

twafluoroatyiene^ene copolymer: and 

the hydrophiTtc material is selected l^om the 
flroup consisting of carbon, metal, gte " Sfc 

gel. ,eo«,e. pertluoroca*on sini,^ 
ymer. perfloorocaibon caOoxylic add polyimr 

Ken^e^^.^" 

'"^ Caim 

eelect^L^x"" ***** * made of a material 
seiactM from the group consisting of carbon fho« 
metal fibers, and glass fbere; *™»«>efs. 

SSfn. '*'*fi'««»'=o«fetingofpolytetrafluor. 
nll!^. **'^'«'o«<nylane^)e,fliwalkyivi- 
"y^e^lymer. te.,affc«roethy.ene.hexaflS. 
»«Wlenecopolymer. potychlorotrifruoroethyfene 
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polyviny!idone fluoride, polyvinyl fluoride, and 
tetrofhioroatylBnd-ethylene copolymer; and 

the ?iydrophir« material is selected from the 
group consisting of carbon, metal, glass, ceramic; 
Gilica gel, zeolite, perf luorocarbon euHbnic add pol- 
ymer, perfluorocamon carboxylic acid polymer, 
nylon, rayon, polyester, acrylic fibers, polychlal, 
vinylidene chloride polymer. 
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Fig. 4(a) 

EXPERIMENT CONDITION: 
CELL TEMPERATURE:25"C 

CATHODE GAS HUMIDIHCATION TEMPERATURErSOX: 
ANODE GAS HUNgPIFICATION TEMPERATURE:30t: 
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